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Abstract: A silver(I) triflate-catalyzed protocol for
the post-Ugi synthesis of tetracyclic spiroindolines
has been developed. The protocol worked best for
indole-3-carbaldehyde-derived Ugi adducts obtained
using anilines and 3-aryl propiolic acids. Thus, it is
complementary to the previous cationic gold-cata-
lyzed procedure that was developed for analogues
Ugi substrates derived from aliphatic amines and 3-
alkyl propiolic acids. Furthermore, we have demon-
strated that under our new settings this domino
Friedel-Crafts ipso cyclization / imine trapping
process could be efficiently combined with the
preceding four-component Ugi reaction into a two-
step one-pot transformation.
Keywords: Domino reactions; Multicomponent re-
actions; Nitrogen heterocycles; Silver catalysis; Spiro
compounds
In recent years, dearomatization of electron-rich (het-
ero)arenes has emerged as a practical strategy for
constructing three-dimensional spiro-fused polycyclic
scaffolds from structurally simple flat aromatic
precursors.[1–3] A large part of these approaches is
based on a Friedel-Crafts-type ipso cyclization of an
electron-rich arene onto an electrophilic reactive center
that can be represented by an alkyl halide,[4] a metal
allyl complex[5] as well as by an activated double[6] or
triple[7–9] bond. With regard to the triple bond, various
alkyne activators can be used including Brønsted[7] or
Lewis[8] acids as well as dihalogens[9] or other electro-
philic species.[10]
The four-component Ugi reaction has been exten-
sively utilized to prepare precursors for a diversity-
oriented synthesis of heterocyclic scaffolds[11] includ-
ing those that possess spirocyclic junctions.[12] The key
advantage of the Ugi reaction is that it allows a facile
installment of the required functional groups that can
be later deployed in a large variety of post-trans-
formations. For example, an application of 3-substi-
tuted propiolic acids introduces the alkyne moiety,
which upon activation can readily react with a suitable
nucleophilic site producing different heterocyclic
motifs via post-Ugi hetero-[13] and carbocyclizations.[14]
In several instances, such cyclizations proceed in ipso
fashion delivering a spirocyclic architecture.[15] Fur-
thermore, a new electrophilic subunit generated upon
the ipso-attack of an electron-rich arene onto the triple
bond can undergo subsequent trapping by the
isocyanide-originated amide nitrogen[16] or by another
electron-rich arene ring[17] producing a complex poly-
cyclic structure.
UPDATES DOI: 10.1002/adsc.201901064
Adv. Synth. Catal. 2020, 362, 261–268 © 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim261
In 2012, the group of Van der Eycken described the
formation of tetracyclic spiroindolines 6 from Ugi
adducts 5 derived from propiolic acids 1 and indole-3-
carbaldehydes 3 via a gold(I)-catalyzed diastereoselec-
tive domino process (Table 1). The transformation
involved the ipso attack of the indole moiety onto the
triple bond activated by a cationic gold catalyst and
subsequent trapping of the resulting indoline iminium
cation.[18] Thereafter, the same group has developed
reusable supported gold nanoparticles to catalyze this
transformation under batch[19] and microflow[20] set-
tings. In addition, an analogous transformation has
been documented for Ugi substrates that were obtained
using propargylamines as a triple bond source.[21]
In this update, we present a new protocol featuring
a silver(I) triflate/triflic acid catalytic combination that
allows to convert a wider range of Ugi adducts 5 into
tetracyclic spiroindolines 6 (Table 1). This procedure
proved especially efficient with substrates derived
from anilines and 3-aryl propiolic acids that could not
be employed under the original cationic gold-catalyzed
settings.
Initially, we have selected Ugi adduct 5a derived
from phenyl propiolic acid (1a), aniline (2a), indole-3-
carbaldehyde (3a) and tert-butyl isocyanide (4a) as a
model substrate to identify optimal conditions for the
synthesis of tetracyclic spiro indoline 6a (Table 2).
Using the original cationic gold-catalyzed protocol[18]
resulted in incomplete conversion of 5a, while indoline
6a was obtained in poor yield and low diastereoselec-
tivity (Table 2, entry 1). Increasing the reaction time or
using other cationic gold catalysts failed to improve
the reaction outcome (Table 2, entries 2–4). However,
when we have switched to catalysis by silver(I)
triflate[22] the conversion of 5a could be substantially
improved producing the desired tetracyclic indoline 6a
along with the corresponding tricyclic indoline 7a in a
good overall yield albeit with low diastereoselectivity
(Table 2, entry 5). Encouraged by this result, we
decided to further explore the catalysis by silver(I)
triflate using alcohols as a reaction media, keeping in
mind that perfluorinated alcohols have been recently
emerged as a greener alternative to chlorinated
solvents.[14d,23] To our delight, conducting reactions in
either methanol or trifluoroethanol (TFE), full con-
version of 5a could be achieved (Table 2, entries 6 and
7). In both cases, tricyclic indoline 7a was produced as
a major product, with the best result being obtained for
the reaction in trifluoroethanol. Next, we decided to
test analogues reactions in the presence of Brønsted
acid additive hoping that it may facilitate the con-
version of 7a into tetracyclic product 6a via the imine
trapping process (Table 2, entries 8 and 9). The above
assumption proved to be valid allowing to obtain
Table 1. Scope comparison of the previous and current protocols for the post-Ugi synthesis of spiroindolines 6.
Protocol Scope Yield range for
Ugi adducts 5
Conditions for the
cyclization
Yield range for
spiroindolinones 6
Previous
gold-catalyzed
protocol
(ref.[18])
R1=Alk, R2=Alk 33
R1=Ar, R2=Alk 3
R1=Ar, R2=Ar ×
45–87%
(average 61% for
10 examples with
R1=Alk, R2=Alk)
Au(PPh3)Cl/AgSbF6 (5 mol%)
CHCl3 (0.1 M), rt, 2 h
57–80%
(average 72% for
10 examples with
R1=Alk, R2=Alk)
Current silver
catalyzed protocol
R1=Ar, R2=Ar 33
R1=Ar, R2=Alk 3
R1=Alk, R2=Ar 3
R1=Alk, R2=Alk 3
50–99%
(average 81% for
17 examples with
R1=Ar, R2=Ar)
AgOTf (5 mol%), TFA
CF3CH2OH (0.2 M), rt, 1 h
55–99%
(average 86% for
17 examples with
R1=Ar, R2=Ar)
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indoline 6a in 95% yield as a single diastereomer from
the silver(I) triflate-catalyzed reaction with trifluroe-
thanol as a solvent and trifluoroacetic acid as an
additive (Table 2, entry 9). Besides, other silver(I) salts
also produced 6a in high yields under the similar
settings (Table 2, entries 10 and 11).
The structures of the major diastereomers for both
tetracyclic spiro indoline 6a and tricyclic spiro indo-
line 7a were assured by the X-ray crystallographic
Table 2. Optimization of the reaction conditions.[a]
Entry Catalyst (mol%) Additive Solvent Conditions Conversion
of 5a,[b] %
Yield, % (dr)[b]
6a 7a
1 Au(PPh3)Cl/AgSbF6 (5) – CHCl3 (0.1 M) rt, 2 h 43 34
(13:2:19)
–
2 Au(PPh3)Cl/AgSbF6 (5) – CHCl3 (0.1 M) rt, 12 h 66 51
(34:3:17)
–
3 Au(PPh3)Cl/AgOTf (5) – CHCl3 (0.1 M) rt, 12 h 58 47
(22:6:19)
8 (1:7)
4 [Au(JohnPhos)(MeCN)]SbF6
(5)
– CHCl3 (0.1 M) rt, 12 h 22 14 (6:0:8) 2 (0:2)
5 AgOTf (10) – CHCl3 (0.1 M) rt, 12 h 81 35 (32:2:1) 39
(23:16)
6 AgOTf (10) – MeOH (0.2 M) rt, 24 h 100 16 (11:5:tr) 80 (74:6)
7 AgOTf (10) – CF3CH2OH
(0.2 M)
rt, 5 h 100 4 (4:0:0) 96 (91:5)
8 AgOTf (5) TFA MeOH (0.2 M) rt, 5 h 94 84 (82:2:0) 4 (0:4)
9 AgOTf (5) TFA CF3CH2OH
(0.2 M)
rt, 1 h 100 95 (95:0:0) 5 (0:5)
10 AgNTf2 (5) TFA CF3CH2OH
(0.2 M)
rt, 1 h 100 92 (92:0:0) 7 (0:7)
11 AgPF6 (5) TFA CF3CH2OH
(0.2 M)
rt, 1 h 100 92 (90:2:0) 5 (0:5)
[a] The reactions were run on a 0.2 mmol scale.
[b] Determined by 1H NMR using 3,4,5-trimethoxybenzaldehyde as internal standard. JohnPhos=2-(di-tert-butylphosphino)
biphenyl.
Figure 1. Asymmetric units of 6a ·H2O (left) and 7a ·H2O (right), showing thermal displacement ellipsoids at the 50% probability
level. The molecules of water are acquired during the crystallization by the slow evaporation from ethanol.
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analysis (Figure 1).[24] Importantly, the relative config-
uration of stereocenters in these products matched with
that of the previously resolved tetracyclic spiroindoline
6n initially obtained by cationic gold-catalyzed proto-
col.
With these results at hand, we turned to evaluating
the scope of our newly identified protocol for the
construction of tetracyclic indolines 6 (Scheme 1).
Initially, we have tested a series of Ugi adducts 5a–
f derived from different 3-substituted propiolic acids 1.
Reacting substrates 5a–d bearing an aryl group on the
triple bond (R1=Ar), the corresponding spirocycles
6a–d were produced in high yields ranging from 84%
to 92%. Lower yields were obtained for the reactions
with 5e and 5f derived from thiophen-2-yl propiolic
acid and tetrolic acid, respectively. The second batch
of Ugi substrates 5g–n was prepared using various
aromatic and aliphatic amines 2. Treating them with
silver(I) triflate and TFA in trifluoroethanol led to the
formation of indolines 6g–n, with best results being
achieved for the Ugi products 5g, h, j–l that were
obtained from the combination of 3-phenyl propiolic
acid and aromatic amines (R1=Ph, R2=Ar). Next, we
have tested a series of substrates 5o–s bearing various
substituents on the indole ring. The corresponding
reactions furnished the desired indolines 6o–s with
uniformly high yields of 79–99%. Finally, some
variations associated with the isocyanide component 4
have been screened by employing n-butyl isocyanide-
Scheme 1. Scope of the protocol for the synthesis of tetracyclic spiroindolines 6.
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derived substrates 5t and 5u and 2-nathtyl isocyanide-
derived substrate 5v.
Considering that the Ugi step and the subsequent
silver(I) triflate-catalyzed indoline formation were both
conducted using alcohols as solvent, we decided to
explore the possibility of combining them into a two-
step one-pot process. We were rather glad to find that
such modification could be successfully realized using
methanol as solvent. However, an increased catalyst
loading was required to achieve a full conversion of
intermediate 5 during the indoline formation step,
presumably due to the negative effect of water
generated by the Ugi reaction. In this regard, the use of
molecular sieves was also proved beneficial helping to
prevent decomposition of the silver(I) catalyst through
the interaction with water.[25] Consequently, applying
these modified one-pot settings, tetracyclic indolines
6a, g, h, l, r could be obtained in up to 84% overall
yield starting directly from 3-aryl propiolic acids 1,
indole-3-carbaldehydes 2, aromatic amines 3 and tert-
butyl isocyanide (4a).
The optimization study showed that under silver
catalysis, the presence of Brønsted acid was required
to complete the assembly of the tetracyclic indoline
skeleton via intramolecular imine trapping (Table 2,
entry 6 versus entry 8). Knowing that, we attempted to
eliminate the acid from the reaction media to explore
the possibility of obtaining tricyclic indolines 7
(Scheme 2). To our delight, subjecting substrates 5a,
b, d, h, j, r to silver(I) triflate catalysis in the absence
of TFA, the expected tricyclic products 7a, b, d, h, j, r
could be obtained with yields ranging from 49% to
90%. The presence of molecular sieves was required to
eliminate any traces of water that may lead to partial
decomposition of silver catalyst and as a result to the
formation of triflic acid.[25] It should be noted, that
tricyclic spiroindolines 7 were found to be rather prone
to transformation into the corresponding tetracyclic
derivatives 6. For example, even an attempt to record
an NMR spectrum of 7a in deuterated chloroform led
to a partial conversion into 6a, presumably due to the
presence of traces of HCl in the solvent.
In summary, we have developed a silver(I) triflate-
catalyzed protocol for the post-Ugi synthesis of
polycyclic spiroindolines. The process has been shown
to benefit from the use of trifluoroethanol as reaction
media providing best results for the Ugi adducts
derived from anilines and 3-aryl propiolic acids. In the
presence of Brønsted acid additive the reaction
proceeded via a silver(I) triflate-catalyzed Friedel-
Crafts ipso cyclization of the indole onto the triple
bond followed by acid-mediated trapping of the
resulting indoline imine by the amide nitrogen giving
rise to tetracyclic spiroindolines. Under acid free
conditions, the imine trapping was suppressed allowing
to obtain the corresponding tricyclic spiroindolines.
The possibility to combine the four-component Ugi
reaction and subsequent silver-catalyzed tetracyclic
indoline formation into a one-pot process has been
successfully explored. Overall, the current protocol
demonstrated a rather broad scope and easy tunability
and thus could be regarded as a welcome addition to
the previously reported cationic gold-catalyzed con-
ditions.
Experimental Section
General Details
Unless otherwise specified, starting materials and solvents were
purchased from commercial sources and used as received. 3-(4-
Fluorophenyl)propiolic acid (1b), 3-(4-chlorophenyl)propiolic
acid (1c), 3-(4-methoxyphenyl)propiolic acid (1d), 3-(Thio-
phen-2-yl)propiolic acid (1e) were synthesized following
previously described protocol.[14f] Melting points were measured
using INESA WRR apparatus. NMR spectra were recorded
using 400 MHz and 600 MHz Bruker Avance instruments. The
1H and 13C chemical shifts are reported relative to TMS using
the residual CDCl3 or [D6]DMSO signal as internal reference.
19F NMR spectra were referenced externally to CF3COOH
(  76.5 ppm) in a sealed capillary. HRMS were performed on a
Bruker microTOF-Q III.
General Procedure for the Synthesis of Ugi Adducts
5a–l, o–v
Indole-3-carbaldehyde 3 (1.5 mmol) and 3-substituted propiolic
acids 1 (1.65 mmol) were placed in a reaction vial followed by
addition of methanol (7.5 mL), amine 2 (1.65 mmol) and
isocyanide 4 (1.65 mmol). The reaction mixture was sealed and
stirred at room temperature for 24 h. The reaction progress was
monitored by TLC (thin layer chromatography). The reactionsScheme 2. Scope of the protocol for the synthesis of tricyclic
spiroindolines 7.
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towards Ugi adducts 5g, h, o were completed after 1 h. After
completion of reaction, the resulting mixture was diluted with
ethyl acetate. Then silica gel was added and the volatiles were
removed under reduced pressure. Column chromatography with
petroleum ether/EtOAc (the ratio was adjusted according to
TLC) as eluent delivered Ugi adduct 5. In case the product
crushes from the reaction mixture, whole amount or part of it
could be collected by filtration followed by washing with
methanol or diethyl ether.
General Procedure for the Synthesis of Ugi Adducts
5m, n
1H-Indole-3-carbaldehyde (3a, 218 mg, 1.5 mmol) and 3-
substituted propiolic acids 1 (1.95 mmol) were placed in a
reaction vial followed by addition of methanol (3 mL), amine 2
(1.95 mmol), tert-butyl isocyanide (4a, 162 mg, 1.95 mmol)
and crashed molecular sieves (4 Å, 300 mg). The reaction
mixture was sealed and stirred at 50 °C for 72 h. After
completion of reaction, the resulting mixture was diluted with
ethyl acetate. Then silica gel was added and the volatiles were
removed under reduced pressure. Column chromatography with
petroleum ether/EtOAc (4:1!7:3) as eluent delivered Ugi
adduct 5.
General Procedure for the Synthesis of Tetracyclic
Spiroindolines 6a–e, g, h, j–v from Ugi Adducts 5a–
e, g, h, j–v
Ugi adduct 5 (0.3 mmol) and AgOTf (3.9 mg, 0.015 mmol)
were placed in a reaction vial followed by addition of
trifluoroethanol (1.5 mL) and trifluoroacetic acid (30 μL). The
reaction mixture was sealed and stirred at room temperature for
1 h. For the substrates 5p and 5v, the reaction was conducted
for 2 h. For the substrate 5u, the reaction was conducted for
3 h. For the substrate 5s, no trifluoroacetic acid was added to
the reaction mixture. The reaction progress was monitored by
TLC (thin layer chromatography). After completion of reaction,
the resulting mixture was diluted with ethyl acetate. Then silica
gel was added and the volatiles were removed under reduced
pressure. Column chromatography with petroleum ether/EtOAc
(the ratio was adjusted according to TLC) as eluent delivered
tetracyclic spiroindoline 6. Product 6v was washed with diethyl
ether after the column chromatography.
General Procedure for the Synthesis of Tetracyclic
Spiroindolines 6 f, i from Ugi Adducts 5 f, i
Ugi adduct 5 (0.3 mmol) and AgOTf (3.9 mg, 0.015 mmol)
were placed in a reaction vial followed by addition of
trifluoroethanol (1.5 mL). The reaction mixture was sealed and
stirred at room temperature for 1 h. Upon completion of this
time, trifluoroacetic acid (10 μL) was added[26] and the resulting
mixture was sealed and stirred at room temperature for another
1 h. After completion of reaction, the resulting mixture was
diluted with ethyl acetate. Then silica gel was added and the
volatiles were removed under reduced pressure. Column
chromatography with petroleum ether/EtOAc (the ratio was
adjusted according to TLC) as eluent delivered tetracyclic
spiroindoline 6 that was subsequently washed with hexane.
General Procedure for the One-Pot Synthesis of
Tetracyclic Spiroindolines 6a, g, h, l, r via Ugi
reaction followed by domino Friedel-Crafts ipso
cyclization/imine trapping process
Indole-3-carbaldehyde 3 (0.6 mmol), 3-phenylpropiolic acids
(1a, 88 mg, 0.6 mmol) and crashed molecular sieves (4 Å,
60 mg) were placed in a reaction vial followed by addition of
methanol (3 mL), amine 2 (0.6 mmol) and tert-butyl isocyanide
(4a, 50 mg, 0.6 mmol). The reaction mixture was sealed and
stirred at room temperature for 24 h. Upon completion of this
time, AgOTf (46 mg, 0.18 mmol) and trifluoroacetic acid
(60 μL) was added and the resulting mixture was sealed and
stirred at room temperature for another 24 h. After completion
of reaction, the resulting mixture was diluted with ethyl acetate.
Then silica gel was added and the volatiles were removed under
reduced pressure. Column chromatography with petroleum
ether/EtOAc (the ratio was adjusted according to TLC) as eluent
delivered tetracyclic spiroindoline 6. The reaction towards
product 6r was conducted on 0.4 mmol scale and the addition
of crashed molecular sieves occurred after the Ugi step.
General Procedure for the Synthesis of Tricyclic
Spiroindolines 7a, b, d, h, j, r from Ugi Adducts 5a,
b, d, h, j, r
Ugi adduct 5 (0.3 mmol), AgOTf (3.9 mg, 0.015 mmol) and
crashed molecular sieves (4 Å, 30 mg) were placed in a reaction
vial followed by addition of trifluoroethanol (1.5 mL). The
reaction mixture was sealed and stirred at room temperature for
5 h. After completion of reaction, the resulting mixture was
diluted with ethyl acetate. Then silica gel was added and the
volatiles were removed under reduced pressure. Column
chromatography with petroleum ether/EtOAc (the ratio was
adjusted according to TLC) as eluent delivered tricyclic
spiroindoline 7. Products 7b, j, r were washed with diethyl
ether after the column chromatography. The reaction towards
product 7a was conducted on 0.2 mmol scale.
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